Abstract. In this work we test the theoretical results derived from pulsation models in which the blue edge temperature of the ZZ Ceti instability strip depends on the stellar mass. By using the fundamental parameters (T e {f and M) and the results of the time series photometry of a sample of DA stars, we found all the ZZ Ceti stars in our sample but one (G 226-29) fall inside the instability strip if the theoretical blue edge is shifted by 300 K to higher temperature. Our biggest sources of uncertainty are in the T e ff and M determinations, but by assuming that the relative ordering in the temperature among the ZZ Ceti stars is reliable, we conclude that the instability strip boundaries depend on stellar mass.
INTRODUCTION
ZZ Ceti or DAV stars are variable DA white dwarfs found in a narrow strip -approximately 1 500 K wide -along the white dwarf cooling sequence. This narrow strip is known as the ZZ Ceti instability strip and its hot limit is called blue edge. Presently, 28 pulsating DA stars are known (Giovannini et al. 1997) . The hottest and coolest observed values for the T e ff of the ZZ Ceti instability strip depend on the method and atmospheric model used. For example, Bergeron et al. (1995) used both optical and UV spectra with the ML2/a = 0.6 model atmospheres and found blue and red edges of T e ff = 12 460 K and 11160 K, respectively. Giovannini (1996) used only optical spectra and the ML1 /a = 2 model atmospheres of Koester et al. (1994) and found limits of T eff = 13 560 K and 12 000 K.
For many years there has been a serious search to find which stellar parameters are sufficient to place a variable DA star in the ZZ Ceti instability strip. Originally, it was believed that T e ff was the unique parameter since all the then known DA stars inside the instability strip were variable (Fontaine et al. 1985) . However, Dolez et al. (1991) , Kepler & Nelan (1993) , Kepler et al. (1995) and Giovannini (1996) found several non-variable DA stars inside the strip; these results indicate either that another parameter should distinguish between variables and non-variables, or that the instability strip is not "pure".
In order to search for the additional parameter, we have determined the fundamental parameters [T e ff, logg, M] of 85 DA stars through spectroscopic analysis and tested for variability 60 of these stars using time series photometry -a more detailed description about the spectroscopic and time series observations and determination of the fundamental parameters is given by Kepler et al. (1995) and Giovannini (1996) . We then compared our observational results with the theoretical prediction of Bradley & Winget (1994) that the blue edge temperature of the ZZ Ceti instability strip is a function of the stellar mass. The results of this work are shown here. Table 1 presents the fundamental parameters of 66 DA stars with T eff between 10 000 K and 15 000 K. The stars with T eff < 10 000 K and T e ff > 15 000 K are not listed in Table 1 . The atmospheric parameters [T e ff, log ¿r] were determined using the same fitting technique as described by Bergeron et al. (1992) that compare only the Balmer line profiles between observed and synthetic spectra. For this work, six Balmer lines from H/3 to H9 were used, since the spectra have S/N > 70. The synthetic spectra were from the ML1 /a = 2 model atmospheres of Koester et al. (1994) .
FUNDAMENTAL PARAMETERS AND VARIABILITY
As discussed by Daou et al. (1990) and Bergeron et al. (1995) , the ZZ Ceti stars lie close to the temperature range where the maximum opacity of the hydrogen occurs -T e fj « 13000 K -and, therefore, most stars have two T e ff solutions, one on each side of the maximum of the equivalent widths. For the results reported here we selected from photometric colors, either multichannel or Stromgren, to choose between the hot or cold solution, but for ZZ Ceti stars we always choose the coolest solution, as recommended by Bergeron et al. (1995) .
The majority of the stars of our sample were also studied by Kepler et al. (1995) ; they determined the fundamental parameters by using the same optical spectra but with the ML2 model atmospheres and fits of Pierre Bergeron. The average |AT e fr| between this work and Kepler et al. is ~ 260 K. This means that the fitting procedures used in both works to determine T e ff and log g are similar. Bergeron et al. (1992) estimated an external error of ~ 400 K by analyzing different spectra for the same stars. However, Koester & Vauclair (1997) show that even small changes in observational reductions and the fitting procedures cause errors in the parameter determination much larger than the usually very small errors given by the x 2 fitting, as those shown in Table 1 . They cite that even for well-studied DAV stars, e.g. GD 165, the determination of T e fr from recent years can differ by 2600 K. Moreover, Koester &: Vauclair and Bergeron et al. (1995) also show that one can only get consistent solutions by fitting both optical and UV spectra simultaneously. At present, we have only optical spectra at hand, and our results may change if UV spectra become available.
With the atmospheric parameters, the masses of DA stars were calculated by interpolating the white dwarf evolutionary models of Wood (1995) , which have "thick" hydrogen layers of 10~4M*. Fig. 1 shows the distribution of DA white dwarfs in the log <7 versus log T e ff plane. In addition, the dashed lines represent the evolutionary models with constant mass. Bergeron et al. (1995) estimated that the masses of the ZZ Ceti stars would be ~ 0.026 M© smaller, on average, if models with no hydrogen layers were used instead. However, we have estimated an average "internal" error of ~ 0.04 M© for DA stars of our sample.
The last column in Table 1 indicates if the star is variable (V), non-variable (NV), or lacking time series (?). (Giovannini et al. 1997). To determine if a star is variable or not, the stars were observed with time series photometry. Most stars were observed for at least 3 consecutive hours to avoid the possibility that destructive beating between closely spaced frequencies could mask some light variation. Then, the Fourier Transform method was applied to the time series and a star is considered a non-variable if no light variation is detected up to a limit of ~ 0.003 mag -the smallest amplitude DAV star is BPM 37093, at ~ 0.004 mag (Kanaan et al. 1992 ). However, for a few stars the detection limit is higher because either the weather conditions were poor or the data run length was less than 3 hours.
THEORY VERSUS OBSERVATION
The theoretical blue edge of the ZZ Ceti instability strip was calculated by Bradley & Winget (1994) . They ran pulsation models using different convective efficiency, helium layer mass, hydrogen layer mass and stellar mass. Basically, for any convective efficiency, they found that the blue edge temperature depends on the total mass of the model. The blue edge of the instability strip corresponds approximately to the effective temperature at which the base of the convection zone is sufficiently deep for the thermal time-scale (r t h « MCONVTTICV/L) to be comparable with the shortest observable gr-modes, about 100 s Fontaine 1982; Fontaine et al. 1984) . By using this criteria to define the blue edge, Bradley í¿ Winget (1994) found that the more massive DA stars pulsate at higher temperatures than the less massive DA stars; i.e., a 0.7 M© DA model starts to pulsate at 12 990 K, and a 0.6 MQ DA model at 12 770 K. Table 2 shows the blue edge T e ff as a function of the stellar mass, as calculated by Bradley & Winget. In order to test the theoretical predictions by Bradley & Winget (1994) , we present in Fig. 2 the location of each DA star in the M vs T e ff plane using the temperatures and masses given in Table 1 . In addition, the lines represent the theoretical blue edge T e ff (dotted) -see Table 2 -and this blue edge shifted by 300 K to higher temperatures (dashed). The basic reason to shift the theoretical blue edge by 300 K is to match the observational results. On the other hand, T e ff determination is very uncertain for DAV stars, as discussed above, and one could get lower T e ff for the same stars just by using a less efficient version of the Mixing Length Theory, MLT (Bergeron et al. 1995; Koester & Vauclair 1997 ).
As we see in Fig. 2 , after adopting the hotter blue edge, all the ZZ Ceti stars in our sample but one, G 226-29, fall inside the instability strip. It is also the hottest DAV star inside ZZ Ceti instability strip by Bergeron et al. (1995) analysis. On the other hand, Bergeron 0. Giovannini et al. et al. and Kepler et al. (1997) found a mass M > 0.75 M® for G 226-29, at which point it is consistent with the theoretical blue edge. There also is a non-variable DA star, GD 556, with an upper limit of ~ 0.003 mag, in the strip. Very close to the blue edge, but hotter than it, there are three non-variable DA stars, G 261-43, PG 0037-006 and PG 1022+050, with detection limits of 0.002 mag, 0.004 mag and 0.002 mag, respectively. All DAs lacking time series are hotter than G 226-29. Similar results, that the T e ff at the blue edge is a sensitive function of the stellar mass, were also found by Bergeron et al. (1995) . 3 and 4 -also obtained this result, but on the other side, hotter than the instability strip and with a larger gap 1500 K)! Probably, this lack of stars is a result of low numbers statistics, but it could also indicate a systematic bias in the T e ff determinations in this regime. Another feature in Fig. 2 is that of the five more massive DAs, three are cooler than 11400 K. This could be explained by the presence of helium in the atmosphere of cool DAs. Helium is raised to the surface due to convective mixture between the relatively thin hydrogen and the more massive helium layer around T e ff « 11000-12 000 K, and as we have used a model atmosphere with no helium, a larger log g is obtained and, consequently, a larger mass is calculated ).
CONCLUSIONS
In this work, we have used 13 ZZ Ceti stars of the 28 currently known. Nevertheless, we have selected the DAV stars which lie close to the blue and red edges of the ZZ Ceti instability strip. From the results reported, by assuming that the relative ordering among the ZZ Ceti stars is reliable, we can state with confidence that there is strong evidence for the mass dependence of the ZZ Ceti instability strip.
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